Abstract-The aim of the GBAR (Gravitational Behavior of Antimatter at Rest) experiment is to measure the free fall acceleration of an antihydrogen atom, in the terrestrial gravitational field at CERN and therefore test the Weak Equivalence Principle with antimatter. The aim is to measure the local gravity with a 1% uncertainty which can be reduced to few parts of 10 −3 .
I. INTRODUCTION
To date, the controversial behavior of antimatter in the gravity field (see [1] and references therein) has never been accurately tested. To avoid stray effects from electric or magnetic fields, the antimatter species has to be neutral. The possible candidates are antineutrons (n) [2] , antihydrogen (H) [3] [4] and positronium (Ps) (i.e. e + e − ) atoms [5] . One attractive feature of H, which is made of one antiproton (p) and one positron (e + ), is the possibility of laser cooling. However, cooling H in the 1S ground state is still challenging as there is no powerful laser available at 121nm to drive the 1S-2P transition [6] . The originality of GBAR experiment, which has been approved by the CERN committee [7] , is to circumvent this difficulty by producing H at rest from the photo-detachment of one of the positrons of the anti-ion (H + )
(that is p e + e + ) as presented in [8] . Indeed H + ions can be efficiently cooled in electromagnetic traps .
II. PRINCIPLE OF THE EXPERIMENT
This complex experiment can be divided into three challenging parts :
• production of H + ions,
• free-fall of an anti-hydrogen atom.
978-1-4673-9134-4/16/$31.00 c 2016 IEEE
The H + ions are produced by two consecutive reactions using excited Positronium atoms (Ps * ):
in which H * stands for anti-hydrogen in an excited state.
Nowadays, efficient production of Ps atoms from a positron (e + ) beam sent on a nanoporous silica sample can be achieved [9] . As the total efficiency of the two reactions is not very high, large quantities of e + and p are still needed. The experiment is carried out at CERN, on the Antiproton Decelerator and ELENA ring, using an intense linac based positron source.
III. DEVELOPMENTS
There is an intense activity on the GBAR project both from the theoretical and experimental sides. A careful theoretical study has been done on the systematic effects arising from the anti-hydrogen detector which can interfere with the free fall signal [10] [11] . Possible schemes for a determination of the local gravity at the level of 10 −3 with the GBAR apparatus have also been proposed [12] The cooling of H + will be challenging as its temperature has to be decreased over eleven decades, from 200 eV to the neV range. It will be done in several steps, the last one being ground-state cooling of a Be + /H + ion pair. Simulations of the cooling have been performed, and the lasers needed for ions pair cooling are under development [16] . The beam line is also under construction see [17] and references therein. The cross sections of the two consecutive reactions (1) and (2) have been calculated to optimize the production of H + [18] and more recently, the cross section of the first reaction has been recalculated [19] . It was shown in [18] that, depending on the antiproton energy, the production of H + should be optimized with Ps atoms excited in 3D state or in 2P state. The velocity distributions of the Ps atoms cloud produced in nano-porous silica is very wide [20] and references therein. Therefore, in order to maximize the Ps excitation efficiency, one possibility is to use a twophoton transition to get rid of the first-order Doppler effect, as proposed for the 1S-3D transition [22] . Alternatively one can build a large line-width laser [20] or an optical frequency comb to excite the 1S-2P transition at 243 nm [21] . Currently, a laser chain for the two-photon excitation of the 1S-3D line of Ps, at 410 nm, has been built and characterized [22] . It is based on the same principle as the laser used for muonic hydrogen spectroscopy [23] excepted that the oscillator cavity is a ring cavity instead of a linear one. The cross section of reaction (1) will be measured in the near future.
A general overview of the project and of recent advances in the development of the experiment will be given at the conference.
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